ABSTRACT
INTRODUCTION
In Brazil, universal voluntary HIV testing has been available for all pregnant women since 1997. Free anti-retroviral therapy is available for all HIV-positive pregnant women from week 14 of pregnancy up to delivery and for their newborns. In order to provide an adequate replacement for breastfeeding, infant formula preparations are available during the first six months of life at no cost.* , ** The program has had an extremely significant impact in terms of lowering mother-to-child HIV transmission, with a decrease from 926 HIV-infected newborns in 1996 to 111 in 2001. 3 Some studies have estimated the coverage of HIV testing among pregnant women in Brazil. One study 13 was carried out before free anti-retroviral therapy was available for all pregnant women and showed an overall HIV testing rate of 68% during prenatal care in the city of Ribeirão Preto (State of São Paulo). Recently, after free access to anti-retroviral therapy, another study showed similar results. The coverage of HIV testing during pregnancy was 52% nationwide, 69% in the Southeast and 72% in the Southern region. 17 Current research suggests that mothers who are HIV infection diagnosed late in the course of their pregnancies or after delivery come from poor socioeconomic background. 20 The reasons why these women are not being tested when anti-retroviral therapy is available are not clear.
The present study sought to determine the coverage of HIV testing and to identify barriers that reduce the likelihood of HIV testing during pregnancy. The study findings will contribute to promoting changes in practice and policy in order to improve HIV testing rate and anti-retroviral therapy coverage. This is particularly relevant given there are resources available to address health care needs of HIV infected women and their children.
METHODS
A cross-sectional hospital-based study was carried out in the city of Porto Alegre, Southern Brazil, from December 2000 to February 2001. There were 1,440,000 inhabitants in Porto Alegre in 1999.
All mothers who gave birth in the city's three largest public hospitals during the study period were eligible, making it a total of 1,658 mothers. These three hospitals accounted for 9,570 (41%) of 23,360 deliveries reported in the city in 2000. Hospital deliveries corresponded to 99% of all live births in the city. It was estimated that a sample size of 1,268 subjects would provide an odds ratio of 1.80 with 95% confidence interval and 80% power, considering a 10% prevalence of not being HIV tested in the unexposed group. 6 Socioeconomic, maternal and medical care information were obtained from the mothers by means of a standardized questionnaire. Interviews were performed after delivery by trained personnel supervised by the research team. The socioeconomic variables were: marital status, educational level; and the category of prenatal care provider. Maternal variables were: mother's age and number of pregnancies including the current one. The medical care variables were: the pregnancy trimester in which the first prenatal visit occurred, and number of prenatal care visits.
A small amount of additional data was collected from prenatal care records in order to confirm whether HIV testing was performed. Less than 1% of the mothers refused to be interviewed, and data were missing for some mothers.
HIV testing during pregnancy care was considered as the dependent variable, and coded 0 if tested and 1 if not tested. Mothers (n=16; 1%) known to be HIV-positive before the current pregnancy were excluded from the analysis. Thus, the sample comprised 1,642 parturient women. Pregnant women who did not know if they were HIV tested or who were not tested at all were defined as "not being HIV tested". To investigate the associations, crude and adjusted odds ratios and their 95% confidence intervals were estimated in logistic regression models. P-values for each variable were derived from the log-likelihood ratio statistic. A conceptual model guided the regression strategy used in the adjusted analysis. 21 According to this approach, socioeconomic variables are the first events that directly or indirectly should determine the outcome. For this reason, the first model was adjusted only for socioeconomic variables. The second model included these socioeconomic variables plus maternal variables. The third model was adjusted for socioeconomic and maternal variables plus medical care variables. Gestational age was included in the last model as a continuous variable and was measured in complete weeks according to Capurro's method. 4 The odds ratios reported for socioeconomic variables were drawn from model 1, those for maternal variables were drawn from model 2 and those for health care variables were drawn from the estimates derived in model 3.
Plausible interactions were tested. There was an interaction between maternal schooling and the category of prenatal care provider. To better explain this interaction a new variable including maternal schooling and category of prenatal care provider together was presented in four categories as follows: low schooling mothers cared in the public sector, low schooling mothers cared in the private sector, high schooling mothers cared in the public sector and high schooling mothers cared in the private sector. Low schooling mothers cared in the public sector were taken as reference.
Consent and ethical approval for the study were obtained from the Ethics Committees of all three hospitals. Consent was obtained individually from each mother who participated in the study.
RESULTS
A total of 1,553 women (94.6%) reported being offered HIV testing during their current pregnancy, of which 1,549 (94.3%) were HIV tested shortly before or during their current pregnancy. Four (0.2%) declined to be tested after counseling. Eighty-nine (5.4%) were not HIV tested during their current pregnancy and 48 were tested with rapid testing during labor. Forty-one were not either offered voluntary counseling or testing during their current pregnancy, including 20 who were only tested before their current pregnancy (Table 1 ).
The majority of women were tested in the first and second trimesters of pregnancy. Eight women were diagnosed as HIV-positive late in the second trimester, corresponding to 40% of the all HIV-positive women diagnosed in the current pregnancy ( Table 1) . The group of women tested by rapid test just before delivery showed the highest percentage of HIV-posi- tive results. The overall prevalence of positive HIV testing (including women who were tested by rapid test) was 1.2% (95% CI: 0.1-1.9). Table 2 shows the independent variables included in the analysis. Mothers were predominantly married (90.1%), and most of them had low schooling (56.4%). Most attended prenatal care in the public sector (85.5%) and were between 18 and 30 years of age (66.4%), 42.0% had had two to three pregnancies, most began prenatal care in the first or second trimester of pregnancy (88.2%) and attended more than five prenatal care visits (63.5%).
Those with an increased likelihood of not being HIV tested in the unadjusted analysis were single, attended prenatal care in the private sector and had less than six prenatal visits. In contrast, mothers with high schooling were at a low risk of not being tested (Table 3) . Among 237 women (14.5%) who attended prenatal care in the private sector, four were diagnosed as HIVpositive, a prevalence of 1.7% (95% CI: 0.1-4.2).
In the adjusted analysis, being younger than 18 years and attending fewer than six prenatal care visits were risk factors for not being HIV tested. Living without a partner was marginally associated with an increased risk of not being HIV tested (p-value between 0.05 and 0.10). There was an interaction between maternal schooling and the category of prenatal care provider. Mothers with low schooling who were cared in the private sector had the highest risk of not being HIV tested (OR=22.2), whereas mothers with high schooling who were cared in the private sector had 3.78 higher chance of not being HIV tested (Table 4) .
DISCUSSION
Despite the high rate of HIV testing during pregnancy, some barriers for testing were identified, such as those related to medical care. Having low schooling and being cared in the private sector were most strongly associated with reduced likelihood of being HIV tested. Having high schooling and being cared in the private sector also increased the risk of not being HIV tested. Attending fewer than six prenatal visits, being single and young (<18 years) were also relevant barriers preventing HIV testing.
Despite almost universal availability of HIV testing, socioeconomic inequalities are still preventing women from poor backgrounds from testing, especially if they are cared in the private sector. The study results showed that the private sector is not adequately implementing the policy of universal HIV testing offer: 22.8% of mothers cared in this sector were not tested and refusal rate was only 0.2%. Conversely, for those cared in the public sector HIV testing coverage is almost universal (only 2.5% were not tested).
The results add to the evidence that the Brazilian Ministry of Health has nearly overcome two major obstacles to the systematic voluntary HIV testing of pregnant women seen in developing countries: cost, and the complex logistics of testing and treating with zidovudine. Considering that only four mothers refused to be tested after the counseling session, the acceptance rate was similar to that found in Thailand, Sweden and Canada 2,10,23 and higher than the rate observed in England and the United States (74% and 95%, respectively). 7, 9 The estimated prevalence of HIV-positive testing in pregnant women in Brazil was 0.6%, which ranks Brazil in an intermediate position between high-rate African countries and low-rate developed countries. 11, 15, 18, 22 Porto Alegre showed a similar prevalence when compared with other large cities in Brazil: 1.5% in Rio de Janeiro, 14 and 0.8% in Vitória. 12 Despite the high HIV testing rate in the first and second trimesters, a large number of HIV-positive women were still diagnosed late in the third trimester. This finding highlights the importance of rapid HIV testing as a complementary strategy for increasing HIV testing and diagnosis, although a later diagnosis can constitute an additional risk for motherto-child transmission. 8 However, the use of rapid HIV testing has a limitation because it can produce false positive results. 24 The finding of high risk of not being tested for mothers cared in the private sector was unexpected. Doctors may regard better-off women as being less exposed to the risk of HIV infection. It can also be speculated that doctors may also fear losing their patients if they offer HIV testing to them because this can be interpreted as suggestive of unsafe sexual behavior. 16 The private sector provides approximately 30% of all prenatal care in Brazil, 5 thus a policy aimed at increasing HIV testing in this sector could have a positive impact on the mother-to-child transmission rate.
Having an adequate number of prenatal care visits was associated with higher rates of HIV testing, therefore improving access to prenatal care and increasing the number of prenatal care visits appears to be a key factor for increasing HIV testing rates. 1, 6, 19 The present study showed that the Brazilian Health Ministry's recommendation for universal counseling and HIV testing has been successfully implemented in the public sector. However, those from socially underprivileged groups and who were cared in private sector had reduced chance of being HIV tested. Therefore, in order to improve HIV testing, new strategies need to target women cared in the private sector especially those of low schooling. In addition, women who attend few prenatal care visits, who are living without a partner and are younger than 18 years of age as well as those better-off women cared in the private sector need to be targeted as well. 
